Abstract. We report on manipulation and characterization of highly-discrete coherent spectrum. It is shown that trains of arbitrary optical waveforms are generated and furthermore they revive repeatedly by adding material positive dispersions.
Introduction
The generation and measurement of arbitrary optical waveforms (AOW) have had a significant impact in relation to the coherent control of chemical reactions, and optical communications. Lineby-line control, in which spectral lines are resolved and manipulated individually, leads to a fundamentally new regime for AOW generation [1] . Adiabatically generated Raman sidebands (Raman comb) [2] [3] [4] [5] is suitable source for implementing line-by-line control since they have discrete characteristics typically a greater than THz frequency spacing and good mutual coherence. By using such Raman sidebands, a synthesized AOW can have an ultrahigh repetition rate corresponding to the wide frequency spacing of the Raman sidebands [5, 6] . Here, we report the synthesis of 10-THz ultrahigh repetition rate AOW using rotational Raman sidebands (J = 2 ← 0) in parahydrogen [6] . We show that trains of rectangular and triangular pulses are stably produced, such as an ultrafast function generator. Furthermore, we also report another feature of the waveforms constructed with such highly-discrete coherent spectrum; that is, the arbitrary waveforms can be realized repeatedly by adding a material positive dispersion [7] .
Experimental and Results
The entire system ( Fig. 1 ) consists of three parts that generate Raman sidebands, manipulate their spectral phases, and measure the spectral phases to produce the obtained waveform together with an error signal for feedback. Figure 2 shows the results when the target waveform was set as a train of rectangular pulses (gray dotted line in Fig. 2 ; duty ratio: 50%). The blue curve in Fig. 2 is the corresponding effective target waveform in the time domain. We employed the process for converging the sidebands with the effective target. The obtained waveform (bold gray line) precisely matched the effective target (thin solid line). Note that this waveform was reduced for measuring the spectral phases of the sidebands with nanosecond pulsed envelopes, and they showed fine stability (< ± 0.1 radians) for several hours. This shows that the ultrahigh repetition rate (10.6229 THz) train of the rectangular waveform was stably produced with more than 10, 000 successive pulses.
Another interesting feature on the optical waveforms consisting of such highly-discrete coherent spectrum is that we can revive a pulse shape repeatedly by adding a material positive dispersion [9] . We numerically and experimentally demonstrate the efficacy of this idea. Figure 3 show spectral phases for the Raman sidebands when the inserted thicknesses of a fused-silica prism pair (the dispersion controller: see the inset of Fig. 3 ) in the optical path was changed every 5 mm from 10 to 40 mm. Solid, dashed and shaded curves respectively indicate initial, FTL, and observed spectral phases. The two indicated FTL conditions (dashed) are well realized repeatedly.
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Summary
We have shown that trains of arbitrary optical waveforms were succesfuuly generated with an ultrahiugh repetition rate of 10 THz such as 'an ultrahigh frequency function generator' by manipulating a highly-discrete coherent spectrum produced thorough adiabatic excitation of the near-maximal Raman coherence in gaseous molecular parahydrogen. It is also shown that such trains of arbitrary optical waveforms can be revival repeatedly by simply adding material positive dispersions.
